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(54) Method for depositing a diffusion barrier 

(57) A refractory Metal Nitride and a refractory 
metal Silicon Nitride layer (64) can be formed using 
metal organic chemical deposition. More specifically, 
tantalum nitride (TaN) (64) can be formed by a Chemical 
Vapor Deposition (CVD) using EthyltriWs (Diethylamide) 
Tantalum (ETDET) and ammonia (Nhy. By the inclu- 
sion of silane (SiH^, tantalum silicon nitride (TaSilM) 
(64) layer can also be formed. Both of these layers can 



be formed at wafer tempsratures lower than approxi- 
mately 400<x> C with relatively small amount:, of carbon 
(C) within the fiim. Therefore, the embodimsr^s of the 
present invention can be used to form tantalum nitride 
(TaN) or tantalum silicon nitride (TaSiN) (64) that is res- 
tively conformal and has reasonably good diffusion bar- 
rier properties. 




FIG. 3 
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Description 

Field of the Invention 

The present invention relates generally to the s 
processing of semiconductor devices, and more specif- 
ically to providing a diffusion barrier onto a semiconduc- 
tor device. 

Background of the invention w 

Modem semiconductor devices are requiring 
speeds in excess of 200 megahertr. In order to form 
future generations of semiconductor devices, copper 
(Cu) will essentially be required for interconnects. One is 
problem with the use of copper is that copper cannot 
directly contact silicon dioxide because copper diffuses 
too easily through the silicon dioxide layer. Therefore, in 
the prior art the copper is typically surrounded by a dif- 
fusion barrier on all sides 20 

Diffusion barriers for copper include a number of 
materials, such as silicon nitride and various refractory 
metal nitrides (TiN. TaN, WN. MoN) an« refractory sili- 
con fiiiridec (TiSiN, TaSitt, WSiN), or refractory metal- 
s&miconductornitride layers. Of all of these barriers, the 25 
two showing promise for barriers include tantalum 
nitride (TaN) and tantalum silicon nitride (TaSIN). These 
rnfeiifci iais are usually deposited by sputtering. However, 
sputzerir.g generally has poor siriswsil step coverage, 
swhes a srrp coverage ic defined to be the percentage of 30 
n laysr ceiny deposited cr. a specific surface diviceri by 
the thickness nf a layer being deposited on the upper- 
r;x?sr. enrfar.e of a aemtooricHictcr uwice In the case of 
sputtered tantalum nitride (TaN) and tantalum silicon 
nitride (VatiiN), and ihu step coverage for a 0.35 fim via 35 
can bti \.i Is e range of 5% to 20% tor an aspect ratio of 
J:i icsw step coverage increases the risk tnat the 
carrier malarial win not be thick enough to be an effec- 
tive diffusion barrier along the sides and bottom of a 
deep opening. In an attempt to gettnough of the mate- 40 
rial along the wails of openings, a much thicker layer at 
the uppermost surface is depesned, however, this is 
unriesretfr. because it increases the resistance of the 
iriTorcorsneci. 

Chemical vapor deposition (CVD) has been used to as 
lorm tantalum nitride. The precursors for TaN includes 
tantalum halides. such as Tantalum Pentachloride 
(Tad*}. The problem with tantalum halicfes is that the 
haiiriH?; reset with the copper causing interconnect cor- 
rosion. Anoihar precursor includes pents[dimethyla- so 
midriiUr.ts s .um (ta(N^e 2 )f.)- When this precursor is 
used to deposit tantalum nitride (TaN), the compound 
tnai Is actually forms is an insulating laye* of Ta 3 N 5 . An 
insufaTnr cannot tc-. usee in contact openings or via 
ftpGfisnris hacause tra insjjiafnr prevents electrical con- ss 
vie 1 , b^wwi if »e upper irflercoiin^ct teyer and the lower 
intctfccfciei! layer. 

Zti'.W aiiOther known precursor includes tefbutylimi- 



dotris-diethyl amino tantalum [(TBTDET), 
Ta=NBu(NEt2)3]. This compound can be used to form 
TaN. However, there are problems associated with this 
precursor. Specifically, deposition temperatures higher 
than 600°C is needed to deposit reasonably low resis- 
tivity films. Such high temperatures for back-end metal- 
lization are incompatible for low-k dielectrics and also 
induces high stresses due to thermal mismatch 
between the back-end materials. Another problem with 
the TBTDET precursor is that too much carbon (C) is 
incorporated within the layer. This compound generally 
has approximately 25 atomic percent carbon. The rela- 
tively high carbon content makes the layer highly resis- 
tive, and results in films that are less dense, lowering 
the diffusion barrier effectiveness for a comparable 
thickness of other materials. The resistivity of TaN when 
deposited using TBTDET at temperatures lower than 
600°C is approximately 12,000 uohm-cm. Films with 
such a high resistivity (desired is less than approxi- 
mately 1000 jiohrrvcm) cannot be used for making 
effective interconnect structures. 

CVD of titanium silicon nitride (TiSiN) has been 
demonstrated using titanium tetrachloride (TICI4). This 
compound is again undesirable because in forming the 
TiSiN, chlorine is once again present which causes cor- 
rosion of copper and other materials used for intercon- 
nect. 

A need, therefore, exists to deposit a TaN or TaSiN 
using organo-metallic precursors that can be formed 
relatively corrformally with a reasonable resistivity and 
good barrier properties at lower wafer temperatures. 

Brief Description Of The Drawings 

The present invention is illustrated by way of exam- 
ple and not limited in the accompanying ligures. in 
which like references indicate similar elements, and in 
which: 

FIG. 1 includes an illustration of a cross-sectional 
view of a portion of semiconductor device substrate 
after forming openings in an interlevel dielectric 
layer to doped regions within the substrate; 
FIG. 2 includes an illustration of a cross-sectional 
view of FIG. 1 after forming materials needed to 
form interconnects in accordance with one embodi- 
ment of the present invention; 
FIG. 3 includes an illustration of a substrate of FIG. 
2 after forming inlaid interconnects to doped 
regions within the substrate; 
FIG. 4 includes an illustration of a top view of the 
substrate of FIG. 3. after forming an interlevel die- 
lectric layer and an opening within that layer; 
FIG. 5 includes an illustration of a cross-sectional 
view of the substrate of FIG. 4 illustrating the open- 
ing to the lower interconnect; 
FIG. 6 includes an illustration of a cross-sectional 
view of the substrate of FIG. 5 after forming an 
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interconnect to a lower interconnect level; and 
FIG. 7 includes in illustration of a cross-sectional 
view of the substrate of FIG. 6 after forming a sub- 
stantially completed device. 

Skilled artisans appreciate that elements in the fig- 
ures are illustrated tor simplicity and clarity, and have 
not necessarily been drawn to scale. For example, the 
dimensions of some of the elements in the figures are 
exaggerated relative to other elements to help to 
improve understanding of embodiment(s) of the present 
invention. 

Detailed Description Of Th e Drawings 

A refractory Metal Nitride and a refractory metal Sil- 
icon Nitride layer are formed using metal organic chem- 
ical deposition. More specifically, tantalum nitride (TaN) 
can be formed by a Chemical Vapor Deposition (CVD) 
using Ethyftrikis (Diethylamido) Tantalum ((ETDET). 
(Et 2 N) 3 Ta=NEt] and ammonia (NH 3 ). By the inclusion of 
a semiconductor source such as silane (SiH^. a tanta- 
lum silicon nitride (TaSiN) layer can also be formed. 
Both of these layers can be formed at wafer tempera- 
tures lower than 500oo Celsius with relatively small 
amounts of carbon (C) within the film. Therefore, the 
embodiments of the present invention can be used to 
form tantalum nitride (TaN) or tantalum silicon nitride 
(TaSiN) layer that is relatively conformal and has rea- 
sonably good diffusion barrier properties. 

As used in this specification, chemical vapor depo- 
sition is one type of deposition method that is to be dis- 
tinguished from sputter deposition. Sputter deposition is 
essentially a physical type of deposition in which a layer 
is being deposited onto a wafer by the action of a 
plasma directed toward a target. The material evolves 
from the target and is deposited in a substantially verti- 
cally orientation to the wafer. Chemical vapor deposition 
on the other hand is a chemical reaction that occurs at 
or near the surface of the substrate to form a layer along 
the exposed surfaces of the wafer. 
^ Tantalum nitride (TaN) and tantalum silicon nitride 
(TaSiN) are formed using ETDET/NH3, ond 
ETDET/NHg/Sify respectively. For TaN, the deposition 
generally takes place in a CVD reactor at a pressure in 
the range of 5-15 Torr. The monitored deposition tem- 
perature varies depending upon where the temperature 
is being monitored. H the heater block temperature is 
being monitored, the temperature is generally in a range 
of approximately 400-480co Celsius. rf the wafer temper- 
ature is measured, the temperature is typically in a 
range of approximately 350-400® C. 

The ETDET is introduced using Helium (He) as a 
carrier gas that is bubbled through the ampoule. The 
flow rate of the Helium (He) is in the range of 200-800 
seem. The heater box temperature far the ampoule is 
maintained at approximately 80® Celsius. In general, 
the heater box temperature can be maintained within a 



range of approximately 50-90® Celsius. The tempera- 
ture of the ETDET within the ampoule is approximately 
about 10® Celsius lower than the heater box tempera- 
ture. Ammonia (NH 3 ) is introduced at a rate ranging 

5 from 200-500 seem which generally gives a deposition 
rate of approximately 150-200 A/minute The deposition 
rate will also depend on the reactor configuration. Using 
these parameters TaN film can be deposited that has 
less than 15% carbon (C) and is generally no more than 

10 1%. When used as a barrier layer, the layer TaN is usu- 
ally deposited to a thickness in a range of approximately 
200-300 A along an exposed surface of the substrate, 
and generally has step coverage of greater than 50 % at 
the bottom surface of an opening having an aspect 

is ratios of 3:1. 

The flow of ammonia has been observed to 
enhance the deposition across all temperature ranges. 
Without ammonia limited or no deposition is observed 
even at high wafer temperatures. This is in contrast to 

20 the precursor (TBTDET) used to deposit TaN as 
reported in literature, which reported deposition without 
ammonia (NH 3 ). 

In CVD systems, there is typically mo. e difficulty 
depositing the layer at the bottom of the opening, and 

25 therefore, the step coverage at the bottom is a good 
indicator of the thinnest portion of the film. The TaNalso 
has been found to have reasonably good adhesion to 
the surfaces of both metals and oxides. This is impor- 
tant for integrating the layer into an interconnect proc- 

30 ess. Should the layer be used to make contact 
(electrical or physical) to a Silicon containing layer such 
as a gate electrode or doped regions within a semicon- 
ductor substrate, titanium may be deposited between 
the TaN and Silicon (Si) to form a good ohmic contact 

35 Without the titanium, a relatively high contact resistance 
between TaN and p+ Silicon may be fo~med because of 
large differences in the work functions between p+ sili- 
con and tantalum nitride. 

The deposition parameters for TaSiN are the same 

40 except as noted below. The pressure is tyoicaiiy in a 
range of approximately 0.1 to 1 Torr. The flow rMe* are 
slightly changed in that: the Helium (Me) flows at a rate 
of approximately 50-150 seem at the same- conditions 
for the ampoule as described earlier for Tai'i; ammonia 

45 (NH 3 ) is introduced at a rate ol appioximately 150-300 
seem; and silane (SiH 4 ) is inlrcduced at approximately 
1-10 seem. These parameters give a deposition rate of 
approximately 150-250 A/minute with approximately the 
same carbon incorporation and adhesion characterise 

so tics as the TaN. 

Different source gases may be used for the Silicon 
source and the TaN precursor. Specifically, it is possible 
that Disilane (Si 2 H 6 ) or some other Silicon gas could be 
used. In addition, it is believed that source casses ccn- 

55 taining other semiconductor sources, such as germa- 
nium will work as well. However, care should be 
exercised, in assuring that gas phase reaction is not 
present. Also, the wafer temperature of the deposition 
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should not axceed 500*) Celsius, and be typically less 
than 400 ° Celsius, because of the issues noted previ- 
ously. The TaN precursor has similar concerns. In gen- 
eral, the ethyl group attached to the doubly bonded 
nitrogen can comprise either an ethyl [(Et 2 N) 3 Ta=NEt] 
or a methyl [(Et 2 N) 3 Ta=NMe] group. The carrier gas for 
the ampoule includes helium (He), argon (Ar), nitrogen 
(N 2 ) or hydrogen (H 2 ). 

Following deposition of a TaN films by CVD, the 
films can be exposed to an in-situ plasma treatment 
which allows a reduction in resistivity of the deposited 
films. Different gases, including argon, hydrogen, nitro- 
gen, sllane, and ammonia, individually or in combination 
can be used tor plasma treatment. For example, the use 
of argon generally allows a reduction in resistivity of the 
films by a factor of 2 or more. Other gases generally 
work best in combination with argon although this is not 
necessary. Use of siiane will allow incorporation of Si in 
tha films, thur, forming TaSiN in the matrix. This method 
allows control over the Si to N ratio in the film. The flow 
rate for the gases can range from 10C-1 000 seem; pres- 
sure ranging horn 100 mTorr- 15 Torr; and plasma 
power ranging from 100 - 2C00 Watts. The plasma treat- 
ment can also be done intermittently, that is, deposi- 
tion/piiismaAaeposKion steps. Further, thermal 
anneato-g of films by SiH4 can also be done instead of 
using piasr^a tn order to incorporate Si i:» the films. The 
process involves flowing SiH4 flow over tha heated 
wafers sfisr deposition s-sp. Anneal conditions similar 
to plasm* can be used except that there would be no 
plasma 

Errtiotfimente uf the present invention are better 
unmv* looc- with thy example that follows in which two 
levels, of interconnects are formed using tha chemically 
vapcf deposited material. FIG. t includes an illustration 
of a cross-sectional view of a portion uf a semiconduc- 
tor device suostrate 10 before interconnects are formed. 
The semiconductor device substrate 10 is a monocrys- 
tail>ne semiconductor warer, a semiconductor-on-insu- 
latirtg '.vste*. or any c:her substrata used to form 
sernftonrfuttor devices. Field isolation regions 12 are 
former! ovisr the semiconductor device substrate 10. 
Dopeci regions 14 are scurrse/drain regions for a transis- 
tor and i»e within the suostrate 10 adjacent to tne field 
Isolation regions 12. A yate dielectric layer 22 and gate 
eiectrocta 24 overlie fhe st-bsnats 10 and portions of the 
dopes regions 14. An inlerievel dielectric layer 26 is 
deposited uver the semiconductor device substrate 10. 
The interievel dielectric; layer 26 csn include an 
undcperi : a doped, or combination of aoped and 
undopsd silicon dioxide films In one particular embodi- 
ment, ^n undoped silicon dioxide film is covered by a 
tarcpito^'-ositicate gias?. (BPCG) layer. After planari- 
^ai:cn ot !a- ; 3r 26„ npenir'.-ss 28 at e farmed through the 
irnerleyd dielectric layer 26 and ex!en<j to the doped 
recjuns 14. As illustrated in FIG. f , :he openings 28 
include l-: contact portion which is relative^ narrow that 
contents the dopec regions 14, and a relatively wider 



interconnect trench, which is where the interconnect is 
formed. In one example of FIQ. 1, the contact portion 
has an aspect ratio is 3:1 as compared to the trench. 
This is an example of a dual damascene process for 

5 forming inlaid interconnects which are generally known 
within the prior art. 

The materials used to form the contacts and inter- 
connects are then deposited over the interievel dielec- 
tric layer 26 and within the openings 28. As illustrated in 

10 FIG. 3. which illustrates a partially completed device, 
layer 32 of titanium or other refractory material is 
formed, and is in contact with the doped regions 14. 
This layer generally has a thickness in a range of 
approximately 1 00-400 A. Next, a TaN or TaSiN layer 34 

is is formed over layer 32. The tantalum nitride layer 34 or 
TaSiN layer 34 is formed using the previously described 
deposition parameters. The thickness of the layer is in 
the range of approximately 200 to 300 A. A conductive 
layer 36 is formed within the remaining portions of the 

20 openings and overlying 34. The conductive layer 36 typ- 
ically includes copper (Cu). aluminum (Al), tungsten (W) 
or the like. In this particular embodiment the conductive 
layer 36 is copper. The partially completed device is 
then polished to remove the portions of layers Z2 % 34 

25 and 36 that overlie the interievel dielectric layer 26. This 
forms contact portions and interconnect portions for the 
interconnects 44 and 42 as illustrated in FIG. 3. 

A second interievel dielectric layer 56 is deposited 
and patterned over the interconnects 42 and 44 and the 

30 first interievel dielectric layer 26. FIGS. 4 and 5 illustrate 
top and cross-sectional views, respectively, of the sec- 
ond interievel dielectric layer after patterning. The sec- 
ond interievel dielectric layer 56 includes a doped or 
undoped oxide. The patterning forms a via opening 52 

35 and an interconnect trench 54. Other via openings and 
interconnect trenches are formed but are not shown in 
Figs. 4 and 5. 

As illustrated in FIG. 6, TaN or TaSiN layer 64 is 
then deposited using one of the previously described 

40 deposition techniques. Layer 64 contacts the lower 
interconnect 42. Layer 64 has a thickness in a range of 
approximately 200 to 300 A and is covered by a second 
conductive layer 66 using a material similar to layer 36. 
The portions of the layers 64 and 66 overlying the sec- 

45 ond interievel dielectric layer outside of the interconnect 
trench are then removed by polishing to give the struc- 
ture as illustrated in FIG. 6. The combination of layers 
64 and 66 forms a bit line 62 for the semiconductor 
device. A substantially completed device 70 is formed 

so after depositing a passivation layer 72 overlying the sec- 
ond level interconnects, as illustrated in FIG. 7. In other 
embodiments, other insulating layers and interconnects 
levels can be formed but are not shown in the figures. 
Many benefits exist for embodiments of the present 
£5 invention. The CVD reaction that forms TaN or TaSiN is 
performed at wafer temperatures lower than approxi- 
mately 500oo Celsius, and typically less than 400° Cel- 
sius. Therefore, the process is compatible with low-k 
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dielectrics and does not induce high stresses in the 
films. The amount of carbon incorporation is less than 
15 atomic percent, and typicaPy 1 atomic% or less. 
Therefore, the film does not have porous qualities and is 
a better diffusion barrier compared to using TBTDET as 5 
a precursor. The reduced carbon results in a resistivity 
of the CVD TaN films that are at least an order of mag- 
nitude lower compared to the prior art use of the TBT- 
DET. Still, other advantages with the embodiments is 
the relative ease of integration into an existing process 10 
flow. 

Thus it is apparent that there has been provided, in 
accordance with the invention, a process for depositing 
a diffusion barrier to fabricate a semiconductor device, 
which fully meets the advantages set forth above. 15 
Although the invention has been described and illus- 
trated with reference to specific illustrative embodi- 
ments thereof, it is not intended that the invention be 
limited to those illustrative embodiments. Those skilled 
in the art will recognize that variations and modifications 20 
can be made without departing from the spirit of the 
invention. H is therefore intended to include within the 
invention all such variations and modifications as fall 
within the scope of the appended claims and equiva- 
lents thereof. 25 

Claims 

1 . A method of forming a semiconductor device com- 
prising the steps of: 30 

placing a semiconductor substrate (10) into a 
chemical vapor deposition (CVD) reactor; 
introducing a metal organic precursor into the 
(CVD) reactor; 35 
introducing a semiconductor source into the 
(CVD) reactor; and 

reacting the metal organic precursor, and the 
semiconductor source to form a refractory 

metal-semiconductor-nitride layer (34). 40 

2. The method of claim 1 , wherein: 

the step of introducing metal organic precursor 
further comprises the metal organic precursor 45 
comprising tantalum; 

the step of introducing a semiconductor source 
further comprises the semiconductor source 
comprising silicon; and 

the step of reacting further includes reacting so 
the metal organic precursor, and the semicon- 
ductor source to form a tantalum-silicon-nitride 
layer (34). 

3. The method of claim 1 , including an additional step 55 
of: 

introducing ammonia into the CVD reactor; 



wherein 

the step of reacting includes reacting the 
ammonia, the metal organic precursor, and the 
semiconductor source to form a refractory 
metal semiconductor-nitride layer (34); and 
wherein 

the step of introducing the semiconductor 
source includes the semiconductor source 
being siiane. 

4. The method of claim 1 wherein the step of introduc- 
ing a metal organic precursor includes the metal 
organic precursor being [(R V>l)] 3 -Ta=NR 2 , where 
R 1 comprises an ethyl, and R 2 comprises one of an 
ethyl and a methyl. 

5. A method of forming a semiconductor device com- 
prising the steps of: 

forming an insulation layer (26) over a semi- 
conductor device substrate (10). wherein the 
insulation layer (26) has an opening (25); 
depositing a refractor/ metal-ssmiconductor- 
nrtride layer using chemical vapor deposition, 
and 

forming a conductive layer {'36) after the refrac- 
tory metal-semiconductof- nitride layer (34). 
wherein the conductive layer (3*5) comprises 
aluminum or copper. 

6. The method of claim 5, wherein the step of forming 
the conducive layer (36) includes laming the con- 
ductive layer (36) to compose copper, anc wherein 
the combination of the conductive layer (36} and the 
refractory metal-sen Hconcijcto' -nitride layer (34) 
form an interconnect. 

7. The method of claim 1 or 5. wherein refractory 
metal-semiconductor-nhnoe layer (34) has a car- 
bon content of less than app'oximatelv 1? aiomic 
percent. 

8. The method of claim 1 or 5, wherein the refractory 
metal-semiconductor-nitride layer (34) is formed at 
a wafer temperature of less than approximately 
500 n Celsius. 

9. The method of claim 1 or 5. wherein the refractory 
metal-semiconductor-nitride iayer (34) has a step 
coverage of greater than approximately 50%. 

10. The methoc of daim 3, v«t.erein the- step coverage 
of greater than approximately 50% occurring in a 
feature having an aspect ratio of approximately 3: 1 
or greater. 
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